In cerebral ischemia, evaluation of multiple biomarkers involved in various pathological pathways is a useful tool in assessing the outcome of the patients even from the early stages of the disease. In this study we investigated the utility of a panel of 5 peripheral and NSE) were measured using a biochip array technology. Eighty nine patients in Romania were divided into 2 subgroups using functional outcome was tested by binomial logistic regression. The subgroup with unfavorable outcome had higher concentrations of unfavorable clinical outcome. In the case of D-Dimers and sTNFR-1 we noticed an increased discrimination ability (versus baseline ischemic stroke, plasma concentrations of CRP, D-Dimers and sTNFR-1 were elevated in unfavorable outcome patients. D-Dimers and sTNFR-1 were independent predictors of poor outcome at 3 months after ischemic stroke. The biochip array technology offers the possibility to simultaneously measure several parameters involved in multiple pathophysiological pathways, in a small sample volume.
Introduction
Among non-communicable disorders, stroke is one of the most prevalent causes of death especially in developed countries [1] , ranking the third common cause of disability-adjusted lifeyears (DALYs) [2] , being an enormous burden for society as the stroke was no longer considered as a disease of old age [3] . As the global life expectancy increases for both sexes, the death rate also recorded an increase during the same period, from 47.5 million to 54.9 million, but the causes of death are different among low-and high-income counties. Given the high mortality rate and the high degree of disability, it is important to identify as soon as possible a peripheral biomarker, as well as for the possible hemorrhagic transformation of ischemic stroke. A comprehensive review about peripheral biomarkers and their importance in establishing the diagnosis, type of stroke, severity and prognosis, or the response to a therapy has been published recently [4] . Isolated biomarkers may confer truncate information about ischemic stroke, but evaluation of multiple biomarkers simultaneously could provide additional 1229 www.chinaphar.com Hu anu A et al Acta Pharmacologica Sinica valuable information, with greater sensitivity and specificity than a single marker assessment.
in acute-phase response. Elevated levels of high sensitive CRP (hsCRP) are associated both with an increased risk of ischemic stroke [5] as well as with poor functional outcome and recurrent stroke prediction in patients with minor stroke or transient ischemic attack (TIA) [6] . Neutrophil-gelatinase associated-lipocalin (NGAL) or Lipocalin 2 (LCN2) is an acute-phase reactant, released in particular by neutrophil granules, but also to a small extent from epitheinvolved in apoptosis mediated by intracellular iron chelation [7] and additionally promoting the in vivo cell migration [8] . sTNFR-1 the soluble receptor 1 of TNF alfa (Tumor Necrosis Factor alfa), is an important player during the oxygen-glucose deprivation, being involved in apoptosis after caspase cascade activation [9] but also modulating the neuroprotection exerted by EPO (erythropoietin) and VEGF (vascular endothelial growth factor) [10] . D-Dimers are markers of secondary fibrinolysis, plasma concentration was correlated with infarction volume in ischemic stroke patients, being predominantly elevated in cardioembolic (CE) stroke type [11] tissue. This biomarker is also secreted by several neuroendocrine tumors [12] , so the sensitivity is still very low, especially when over ischemic pathology overlaps a neuroendocrine malignancy. Several studies have found that NSE concentration correlates with stroke severity at admission [13, 14] and with functional outcome evaluated after 30 days [15] , the concentration being a potential predictor of the outcome after recanalization therapy [16] . There is no validated peripheral biomarker for stroke diagnosis and prognosis yet, so this subject is still opened for investigation on multiple pathways involved in the pathophysiology of stroke-inflammation, coagulation disorders, neuronal injury or Blood Brain Barrier (BBB) alteration. Previous studies have reported the importance of peripheral biomarkers in prediction of severity and functional outcome after ischemic stroke, most of them being analyzed separately [17] [18] [19] . Advances in technologies provide possibilities to study multi--tion of several proteins in a small volume of serum or plasma sample, thus being more time and cost-effective.
The aim of the study was to investigate the utility of a panel destruction and secondary fibrinolysis in the acute phase of ischemia and prediction of functional outcome at 3 months after discharge. [20] . Doppler sonography was performed only in patients with LAA stroke type, while CE type was considered in patients with at least one possible source of emboli, the most common cause Blood sample collection and biomarkers measurement in a Na-heparin blood collection tubes, immediately centrifuged at 1500×g for 15 min at 4 °C; and plasma was aliquoted and stored at -80 °C until analyses. Based on biochip array technology (BAT) from Randox Cerebral Array II (Randox Laboratories Limited, UK) we analyzed simultaneously five biomarkers: three inflammatory related biomarkers (CRP, NGAL and sTNFR-1), a marker of secondary fibrinolysis (D-Dimers) and a marker of neuronal destruction (neuronanalysis by enhanced immunoturbidimetric method (hsCRP vario, Architect 4000 Abbott Laboratories), limit of detection: assay precision < 4%.
Materials and methods

Statistical analysis
Statistical analysis of data was released with the statistical advanced environment R (v.3.4.0, Vienna, Austria). To assess the normality of continuous variables (i.e. CRP, NGAL, -ness and kurtosis were applied. Student's t-test was used to assess the differences between means of continuous variables (expressed as mean±SD), while differences between distributions of nonparametric variables were evaluated using the qualitative variables we used contingency tables and the chisquare or exact Fisher test.
The possible impact of plasma markers in unfavorable functional outcome at three months was tested by binomial logistic regression and the strength of association was estimated by crude and adjusted OR (odds ratio) and 95% CI associated. Because the panel of biomarkers was determined for 56 patients, we used the imputation method by means or medians for missing data in order to have the possibility of using all available clinical information.
tor when the 95% CI for adjusted OR did not cross reference value (=1).
All above-described statistical methods had tested associations between peripheral biomarkers and the probability (odds) of an unfavorable functional outcome at 3 months. Thereby, each biomarker has been studied both individually and in relation to the known risk factors of the poor outcome of the ischemic event.
A separate logistic regression was performed for each parameter of interest running 3 additive models: Model 1 including each of the biochip parameters and demographic variables as age and gender, Model 2 considered as baseline clinical model including all variables of Model 1 plus stroke severity measured by initial NIHSS score and Model 3 including all variables of Model 2 plus known clinical variables. Because of the relatively small sample size, the known clinical factors were the variables having a minimum frequency of 5 cases for the event (unfavorable functional outcome) and an estimated significance level in the univariate regression analysis P [21] ers were transformed into categorical variables (using tertiles) in order to highlight the magnitude of the values for studied parameters.
Because of the small sample size, the combined effect of biomarkers on the unfavorable outcome of ischemic stroke was investigated, but it could not be adjusted depending on the presence of covariates used in previous models (age, sex, stroke).
The capacity of discrimination between patients with unfavorable and favorable outcome was determined by c-statistics by calculating the area under ROC curve (AUC) for each of the model tested.
For all bilateral tests, a statistical significance was considered when P-values were lower than significance threshold
Results
Description of the sample A number of 89 subjects from eligible enrolled patients accordingly: patients with mRS score 0, 1 and 2 evaluated at three months were considered as having favorable functional outcome and patients with mRS score greater than 3 as having unfavorable (poor) functional outcome. As expected, the unfavorable outcome subgroup had a higher score for initial NIHSS scale than the favorable outcome subgroup (P<0.001, between TOAST classification and unfavorable clinical outcome (P=0.288). The demographic and laboratory variables were described in Table 1 The mean or median concentrations of biochip panel markers are presented in Table 2 . The median and interquartile range of time after stroke onset was 10 h [7] [8] [9] [10] [11] [12] in the studied sample.
The subgroup with unfavorable outcome had higher concentrations of CRP, hsCRP, NGAL, sTNFR-1 and D-Dimers (Table 2) , but CRP and NGAL were not statistically different between the two subgroups.
Because the panel of biochip markers was determined only for 56 patients, the missing values of parameters were replaced by the mean of observed values (in the case of CRP, NSE, NGAL) in each subgroup or by median value (case of D-Dimers and sTNFR-1). Replacing missing values by these strategies no significant differences were found between patients with complete data on biochip parameters and patients with missing data (Table 3) . Patients with missing biomarkers values did not differ with respect to age, gender and stroke severity from patients with measured biomarkers.
The univariate logistic regression analysis of chip plasma biomarkers revealed that CRP, D-Dimers, NGAL, sTNFR-1 were significant predictors of unfavorable clinical outcome (Table 4) . For the multivariate analysis using logistic regression, we tested three models in order to highlight the prognostic contribution of studied biomarkers to the clinical outcome. There were no multicollinearity problems between tested pre--trolling for age, gender and stroke severity (T3 The sTNFR-1 remained significant predictor after controlling for age and gender and stroke severity (T3 vs T1: OR=7.43, -tory of stroke (T3 vs T1: OR=7.16, 95% CI: 1.03-49.76). Adding sTNFR-1 to the Model 1, increased the -2 log likelihood ratio (-2LLModel2=40.86 vs -2LLModel1=29.56) and goodness of fit (Hosmer-Lemeshow's test, P=0.547) while adding known clinical factors to the Model 2, increased the -2 log likelihood ratio (-2LLModel3=44.28 vs -2LLModel2=40.86) and goodness 
P=0.099).
The NGAL remained a predictor with tendency toward statistical significance after adjusting for age, gender and stroke severity (T3 vs T1: OR=3.20, 95% CI: 0.70-14.58) and -lipidemia, atrial fibrillation, and history of stroke (T3 vs T1: OR=3.10, 95% CI: 0.65-14.68). Adding NGAL to the Model 1, increased the -2 log likelihood ratio (-2LLModel2=38.14 vs -2LLModel1=29.56) and goodness of fit (HosmerLemeshow's test, P=0.533) while adding known clinical factors to the Model 2, increased the -2 log likelihood ratio (-2LLModel3=42.07 vs -2LLModel2=38.14). Combined associations -justed models, were included in a multivariate model, only D-Dimer was an independent predictor significantly related to the risk of unfavorable outcome of ischemic stroke (Table  5) The model containing multiple biomarkers together had a better discrimination than models containing any individual stroke poor outcome independent predictor, like CRP (P=0.011), D-Dimer (P=0.019), NGAL (P=0.007) and sTNFR-1 (P=0.031) (Table 6 ). Figure 2 highlights that chip biomarkers (CRP, D-dimers, NGAL and sTNFR-1) taken together give greater sensitivity
Discussion
In our study, the biochip assay technology allowed us a simultaneous evaluation of multiple biomarkers involved in -matory markers, along with markers of leucocyte activation, secondary fibrinolysis and neuronal destruction were tested on a panel, based on biochip array technology. Our results revealed that some of the studied biomarkers were predictive for 3 months poor outcome evolution. Because none of the the patients was very rigorous.
CRP as well as highly sensitive isoform-hsCRP is a very well studied inflammatory marker in cardio-cerebrovascular diseases. Increased concentration within 12 h after symptoms onset of ischemic stroke is an independent prognostic factor of poor outcome at three months [22] . Additionally, CRP level at admission was associated with early neurological deterioration in acute ischemic stroke patients [23] . In our study higher clinical outcome after controlling for age, gender and stroke or history of stroke there was only a tendency towards statisti-NGAL as an acute-phase reactant is released in particular experimental study analyzing the co-expression of specific antibodies for NGAL and neutrophils, neurons, microglia and astrocytes revealed that NGAL is predominantly co-expressed in blood-derived neutrophils in the peri-infarct region and in astrocytes (GFAP + ) in the ipsilateral hemisphere, but not in Table 5 . Multiple biomarkers logistical model for unfavorable outcome prediction at three months after ischemic stroke. ) and Iba1 positive microglia [24] . Additionally, NGAL expression was significantly lower in pMCAO (permanent Middle Cerebral Artery Occlusion) than in tMCAO (transient Middle Cerebral Artery Occlusion), suggesting that reperfusion is another aggravating factor of ischemic injury [24] . NGAL has the ability to covalently bound to MMP-9 (Matrix Metalloproteinase 9) involved in BBB destruction during ischemia, thus preventing degradation and preserving its gelatinolytic activity [25] , the concentration of the NGAL-MMP-9 heterodimers complex being higher in hemorrhagic than in ischemic stroke patients [26] . Plasma level of NGAL was associated with the occurrence of post-stroke infections and implicited worse clinical outcome at 90 days [27] . Our results are in line with the data from the literature, plasma level of NGAL was higher in poor outcome patients compared to good outcome patients and was a predictor with tendency toward statistical NSE could be considered a surrogate marker for neuronal destruction, also secreted by several neuroendocrine tumors. A recent comprehensive review of the literature regarding the peripheral biomarkers for brain injury highlighted the importance of NSE in neuronal function and the meaning of increased plasma levels after different brain injury-traumatic or ischemic-as well as in other pathological conditions as bone fracture, kidney or liver damage and migraine, so limiting its utility as a neuron-specific marker [28] . A recent study found elevated NSE concentration up to 5 months after ischemic stroke compared to controls, with higher serum levels in severe neurologic impairment, and in patients with concomitant diabetes mellitus or ischemic heart disease [29] . During the acute episode of ischemic stroke, the peripheral levels of NSE correlate with infarct volume and functional outcome after 1 month [15] and with stroke severity on admission [30] . In the present study, in contradiction with data from the literature, there was no difference between ischemic stroke patients and cona predictive marker of functional outcome for patients' evaluation at three months.
D-Dimers, a marker of secondary fibrinolysis, was found to correlate with stroke severity and ischemic volume, independent of other variables [11] , as well to be an independent predictor of poor prognosis [31] was found as a cutoff value for CE stroke with 87.5% sensitivity and 76.5% specificity for discrimination between TOAST subtype [32] . A research study on the implication of CRP in healthy male volunteers by recombinant human CRP adminispro-coagulant response was associated with a 3-fold increase in prothrombin concentration, a 3.5-fold increase of D-Dimers concentrations and augmented concentration of plasminogen activator inhibitor type-1 [33] . Additionally, fibrinogen degradation products stimulate IL-6 production independent of prostaglandin induction in isolated murine liver [34] . It may be speculated that D-Dimers implication in unfavorable evolution after ischemic stroke could be related to their concomitant -ies are needed to elucidate the exact mechanism of D-Dimers any difference between TOAST subtype of stroke regarding the D-Dimers concentration, probably due to small sample severity and other clinical factors, results which are in line with data from the literature. TNF alfa is a pleiotropic cytokine with a biphasic secretion, with both neurotoxic and neuroprotective effects upon the nervous tissue during the ischemic episode, depending on the region of production, as was revealed in a recent review of the literature [35] . During the ischemic attack, TNF alfa, produced locally mainly by the activated microglia and macrophages, enhances excitotoxicity, oxidative stress and neuronal vulnerability, also promoting the apoptosis of the endothelial cells and BBB destruction eventually leading to vasogenic edema [35] . Contrariwise, TNF alfa is involved in neuronal survival and plasticity, modulating the NF-kappaB pathway involved both in the apoptosis and cell protection [36] and is responsible, via TNFR-1, for up-regulation of integrins expression involved in angiogenesis and tissue remodeling after ischemic stroke [37] . Literature review suggests that the detrimental or protective receptors involved in the cell signaling [35] . Some recent studies found an association between increased plasma level of TNF receptors and risk of intracerebral hemorrhage [38] , or suggest the predictive value of an increased level of sTNFR-1 in the progression to death of patients with minor stroke independently of clinical and demographic risk factors [39] , but there are scarce data regarding the plasma level of sTNFR-1 and outcome after ischemic stroke. In the present study, plasma level of sTNFR-1 was found to be elevated in poor functional -cant predictor of unfavorable outcome after adjusting for age, -tory of stroke.
Except for NSE, adding each of studied parameters to the baseline clinical model increased the goodness of model fit to data. In the case of D-Dimers and sTNFR-1, we noticed an increased discrimination ability (versus baseline clinical model) to classify poor functional outcome with a tendency Although in our study the patients were very rigorously one single measurement of peripheral markers, without investigating the dynamic evolution after the ischemic stroke episode. Serial measurements could give the opportunity to investigate if persistent higher levels of biomarkers remained predictive for functional outcome. Second, the measurement of studied biomarkers was not done in the entire patients'group, therefore the results should be interpreted with caution. Third, because of the small sample size, we could adjust only for a limited number of predictors of functional outcome following ischemic stroke. Another aspect that needs to be highlighted is the potential limitation of the biochip for the acute phase of the ischemic stroke, the measuring range being not wide enough for this stage of disorders so that some biomarkers exceed the upper limit of the measuring interval.
Further studies are needed to identify independent biomarkers contribution when the biomarkers will be taken together in one single model in the presence of the established clinical factors.
The strength of the present work is the evaluation of plasma CRP, D-Dimers, NSE, NGAL and sTNFR-1 impact on functional outcome in ischemic stroke patients in the context of known clinical covariates.
Conclusion
In our study, the concentrations of plasma CRP, D-Dimers and sTNFR-1 during the acute phase of the ischemic episode were elevated in unfavorable outcome patients. The higher levels of plasma CRP, D-Dimers and sTNFR-1 were predictive for poor functional prognosis at 3 months, independently of known demographic factors (age, gender) and clinical factors (stroke The biochip array technology offers the possibility to simultaneously measure multiple parameters involved in different pathophysiological pathways, in a small sample volume, saving time and resources.
